Plant parasitic nematodes induce changes in host tissues at or around their feeding sites or when migrating through plant tissues (20) , by removing cell contents and by inducing pathogenic effects (3, 10) that affect plant growth and cause loss of yield (20) . The degree of host damage varies with the growth stage or susceptibility of the host plant (4, 20, 23) , feeding habit (20) , pathogenicity (21) and population density of nematodes (32) and is also influenced by environmental factors (17, 33) . The combined effect of the host-parasite interactions influences physiological process of host plant such as decrease in photosynthesis (19, 20, 22) which is often associated with change in chlorophyll content (15, 20) and induce biochemical changes such as increase or decrease in reducing and nonreducing sugars (15, 23) or changes in free or bound amino acids contents (14) . Distribution of nematodes in the main stems: Figure 4 shows the schematic diagram of inoculation site, development and position of tillers, leaf sheaths and emerging rolled leaf of the main stem of rice plant on day 1, 3, 7, 14, and 28 after inoculation of D. angustus to a 20-day old seedling. In the main stems inoculated with 1,000 and 2,500 nematodes/plant, 24 hours after inoculation most nematodes were found to locate in the space between leaf sheaths ranging from outer to innermost of the rolled unemerged leaf blade (Tables 2 & 3) . After 1 week the majority of D. angustus were found to concentrate in the unemerged rolled leaves, but still few innermost developing leaves were free of nematodes. The nematodes were first found to reach the innermost developing leaf on day 14 and 28 in the main stems inoculated with 2,500 and 1,000 nematodes/plant, respectively. On 2 week after inoculation with 2,500 nematodes/plant, 16, 115 nematodes were counted in a main stem of which 7,310 nematodes were recovered from the topmost emerging leaf, followed by 3 , 164/leaf from the innermost leaf sheath. In these treat- no changes in either chlorophyll contents or photosynthesis.
First significant reduction was observed for both of these parameters (p = 0.01) with the 2 inocula 1,000 and 2,500 nematodes/ plant from 14 days. The main stems received 2,500 and 1,000 nematodes/plant completely wilted before 28 and 42 days after nematode inoculation, respectively, measurements from these plants were not done further. Chlorophyll content and photosynthesis of the main stem leaves inoculated with 1,000 nematodes/plant decreased to ca. 50% of the control plant on 28 days before completely wilting on 42 days after inoculation. With the 2 lower inocula (10 and 100/ plant) chlorophyll content and photosynthesis decreased significantly (p = 0.01) extending from 28 to 42 days after inoculation.
Reducing sugars: The concentration of reducing sugars in the leaves of the main stems of rice plants treated with the 2 lower Pi (10 and 100 nematodes/plant) were unaffected up to 2 weeks after nematode inoculation in comparison with healthy leaves (Table 4 ) . But there was a great accumulation of these sugars in the leaves of the plants received 2 higher Pi (1,000 and 2,500 nematodes/plant). Three days after nematode inoculation, reducing sugars were increased by 50% or more than the control. On day 7, these sugars increased to 60% and 100% more than the control level in the leaves of the plants received 1,000 and 2,500 nematodes/plant, respectively. The main stems treated with 2,500 and 1,000 Pi died 28 and 42 days after nematode inoculation, respectively. Reducing sugars in the leaves of the main stems of plants inoculated with 10 and 100 nematodes began to increase from 28 days after nematode inoculation and on day 42 it reached 50% over control.
Nonreducing sugars: Nonreducing sugars in the leaves of the main stems inoculated with 1,000 and 2,500 nematodes increased 22-27% more than control level from 3 to 7 days after nematode inoculation, then it was sharply decreased to 54-63% of control level 14 days after inoculation ( Table 5 ) . Before 28 days, the main stems treated with 2,500 nematodes were completely wilted. The concentration in the leaves of the plants inoculated with 1,000 nematodes kept ca. 50% of the control on 28 days. These main stems were also died on 42 days.
The nonreducing sugar content in the leaves of the main stems with 10 nematodes remained unchanged throughout the experimental period. However, its quantity in the plants inoculated with 100 nematodes increased 20% over the control on day 7, thereafter reduced to the level of healthy leaves followed by again 15% over control level on day 42 after inoculation. Free amino acids: There were general increase in free amino acids in the leaves of the main stems of the plants with nematode, particularly in the leaves of the plants received 1,000 and 2,500 nematodes ( Table 6 ). Three days after inoculation free amino acids in these leaves increased about 231% or more than those in healthy leaves. After 7 days they slightly declined, being followed by again increase on day 14, thereafter reached to the level of healthy leaves on day 28. The main stems of these plants died on 28 and 42 days. There were no marked changes in free amino acids content in the leaves of the plants inoculated with 10 nematodes/plant throughout the experimental period. In the leaves of the main stems inoculated with 100 nematodes/plant, the content was about the level of healthy leaves ranging from 7 to 28 days, and on day 42 it increased twofold of the control.
DISCUSSION
Stress induced by changes in temperature, oxygen or nutritional substrate availability, drought or pathogen infection can affect metabolic activity of plant tissues (11) . It is evident from the present experiments that the growth, or physiological or biochemical condition of rice seedlings are significantly affected by D. angustus infection. Seedlings inoculated with 1,000 and 2,500 nematodes showed disease symptom such as chlorosis of the leaves by 3 days after nematode inoculation. Biochemical data support that rice seedlings responded positively to the stress induced by the nematodes by manifesting increased concentrations of reducing/nonreducing sugars and amino acids in the leaf tissues before the expression of chlorosis. The early accumulation of reducing sugars in the leaf tissues without any change in photosynthesis may be attributed to the low transportation from the site of synthesis or the additional synthesis of these sugars for defence mechanism by the host. In response of Bursaphlenchus xylophilus infection, diminished transportation of photosynthate products (22) and synthesis of monoterpene such as l-myrcene and other carbohydrate for defence mechanisms (4) have been observed in pine seedlings. Synthesis of these chemicals needs diversion of intermediates of carbohydrates metabolism (e. g., phosphophenol pyruvate, acetate or mevalonate) away from the pathways of the biosynthesis of storage carbohydrate and energy production (27) . Marked increase in reducing sugars with concomitant increase in 2 aromatic amino acids, phenylalanine and tyrosine, both of which are precursor of different phenolic compounds were observed in rice seedlings infected by Xanthomonas oryzae (18) . Increase in nitrogenous compounds including free amino acids in the host-parasite relationship has been reported for other nematodes (14) .
Similarly, greater quantity of free amino acids were found in the leaves of rice seedlings infected by D. angustus. An increase in free amino acids in correlation with decreased proteins in rice leaves by infection with Pyricularia oryzae (16) , or Xanthomonas oryzae (31) or in wheat due to stem rust (9) , or in other crops infested by Meloidogyne incognita (25) , suggested the suppression of protein synthesis or degradation of host tissues due to pathogenesis. The subsequent reduction of sugars and amino acids in the leaf tissue may reflect the utilization by nematodes and reduced synthetic ability of the severely chlorotic and necrotic leaves.
Extending from 28 to 42 days after inoculation, the main stems of plants inoculated with 1,000 and 2,500 nematodes/plant were mostly killed, before further steep fall of sugars, amino acids, or photoassimilation. This indicates that there might be some other factors involved in the process of death of these main stems. The growth of the main stems treated with 1,000 and 2,500 D. angustus entirely deteriorated. Total height, stem height and leaf area of these main stems were significantly retarded in 7 days after inoculation in comparison with the control. The increase in height of these stems were virtually halted; the healthy stems grew to 25 cm in height from 11.5 cm of the initial average height in 28 days, whereas the stems with 2,500 and 1,000 Pi nematodes were reduced to 7.3 and 10.8 cm respectively, contrary to the increase.
SEM studies on the leaf of plant infected with D. angustus showing chlorotis symptoms demonstrated that the feeding of the nematode was characterized by remains of feeding holes (KONDO, personal communication) . The shape and sizes of holes are highly variable. The shape of the smaller holes was spherical and their diameter almost corresponded to the size of the nematode stylet. The shape of the larger holes were irregular possibly due to the fusion of the several small holes expanding with plant growth. The holes distributed not randomly but in a concentrated manner along with leaf veins. This finding suggests that besides robbing of nutri- circumstances it can be seen to feed on the exposed surface of the leaf sheaths and leaf blades (1).
Generally the nematodes migrate to the inner portion of the rice shoot by working their way between folded leaf blades and leaf sheaths, and never bodily penetrate through the tissue but suck the cell sap by stylet (28) . Previous investigators (6) viewed that D. angustus could not Vol.27 No.2 Japanese Journal of Nematology December, 1997 reach the topmost growing point of the shoot due to the compactness of the innermost folded leaf blades. Consequently, the plants infected with nematodes survive and continue to grow. The results of the present investigations, however, suggest that this is true up to certain level of nematode population in relation to the plant age. The present results showed that in the inoculation of 2,500 nematodes/plant the nematodes took 14 days to reach the topmost growing point when the population increased to 16,115 nematodes/main stem. In the inoculation of 1,000 nematodes/plant, the nematodes spent 28 days to reach the same growing point when the population increased to 28,646 nematodes/main stem. On 14 days after inoculation, a population of 16,115 nematodes/stem was sufficient to halt the plant growth after reaching the topmost growing point, and a population of 28,646 nematodes/stem was necessary to achieve this goal 28 days after inoculation. Host age may greatly influence the host-parasite interaction (33) . The growth, physiological and biochemical parameters of the main stems inoculated with the 2 lower inocula (10 and 100 nematodes/plant) on day 42 with an average of 19,120 nematodes/main stem was not so deviated as on day 14 and 28 with 16,115 and 28,646 nematodes/main stem inoculated with 1,000 and 2,500 nematodes/plant, respectively. Given longer infection period with further increase in nematode population density, these parameters will be further biased.
In an infected stem, the maximum numbers of nematodes/leaf were located in the emerging leaf. If the emerging leaf can continue to grow with the existing population, as it will unroll from the tip down, the nematode population will migrate to the base of the same leaf and then to the next growing leaf, from where the leaf blade and leaf sheath tissue differentiation and elongation occur by the cell division of meristem (13) . The loss of nutrients along with cell necrosis by mechanical damage, in conjunction with the tissue development, will cause disordered leaf tissue expansion that may probably explain the different malformations like crinkling, twisting or corrugation of leaf. The results in the present experiments indicate that the changes in both sugar and free amino acids concentration in the rice seedlings are the first response to D. angustus infection. The biochemical change may alter the metabolism that affect normal physiological function such as differentiation of protoplasts, leading to chlorosis. The progressive leaf chlorosis together with necrosis could be expected to have a significant influence on photosynthetic apparatus (15) and process (7, 34) as well as impeding the host development. In conclusion, the decreased photosynthetic ability results in reduced supply of nutrients to the developing leaves, which will fail to emerge, arrest further growth of the inner leaves, and eventually lead to the death of shoot along with physiological/morphological change in the plant.
